This study aims to analyze the maturation and dispersal of Eugenia pyriformis Cambess. seeds produced in different years, and the influence of variation in thermal and hydric environment on seed physical and physiological characteristics at dispersal. Fruits at different developmental stages were harvested in the city of São Paulo between 2003 and 2010, as well as in the cities of Campinas and Lavras, in 2009 and 2010 and analyzed for size and color. The seeds were extracted from the fruits and their dry mass, water content, germination and vigor were assessed. Results showed that seed maturation is unsynchronized to the maturation of the fruit, taking 45 days on average (430 growing degree-days), longer in rainy times or lower temperatures. Seeds with higher physiological quality were produced in rainy years and when the temperature range was larger. We concluded therefore that hydric and thermal environmental variations during development influence the maturation of Eugenia pyriformis seeds and are able to determine the formation cycle and the final seed quality.
INTRODUCTION
Among the environmental conditions that influence growth, production and quality of fruits and seeds, are the weather (represented by some meteorological elements as rainfall and air temperature) (Reuther 1977 , Pereira et al. 2002 , Souza et al. 2004 . In some perennial plants, the air temperature, represented by the concept of growing degree-day (GDD), influences the length of the reproductive cycle and is considered one of the most significant meteorological elements (Volpe et al. 2002 , Petek 224 EDMIR V. LAMARCA et al. et al. 2009 , Fagundes et al. 2010 ) acting on the acquisition of some physical and physiological characteristics (Daws et al. 2004 , Daws and Jensen 2011 . However, some studies report that this thermal-dependence may be altered by rainfall, changing flowering and maturation periods (Volpe et al. 2002 , Ribeiro et al. 2006 , Petek et al. 2009 ), thus, showing the importance of analyzing these variables together. The "uvaieira" tree (Eugenia pyriformis Cambess. -Myrtaceae) produces edible meaty yellow fruits (Oliveira et al. 2010) . Its recalcitrant seeds (Delgado and Barbedo 2007) have been little studied regarding maturation, dispersal and physiology, making difficult technological development for plant production. In Eugenia species, great physical and physiological variation during fruit and seed development and maturation is observed (Silva et al. 2001 , Pio et al. 2005 , Avila et al. 2009 , Cardoso and Lomônaco 2003 , Borges et al. 2010 , Braz and Mattos 2010 , Lamarca et al. 2011 . These variations show the adaptive ability of the genus to unpredictable, heterogeneous or transitional environments (Cardoso and Lomônaco 2003) .
Recent studies with seeds of native species from Brazil verified that rainfall and air temperature can impact on water content and seed germination (Martins et al. 2009 ). However, among the Brazilian native species, there is little information that relates climatic conditions to seed maturation, dispersal and physiology. Therefore, knowledge of fruit and seed maturation of this species and its relationships with meteorological elements become important mechanisms to know the species behavior for its reproduction and adaptation. This knowledge can help predict the appropriate seed collection time to obtain seeds with high physiological quality as well as high quality seed production. This study aimed to characterize the maturation and dispersal of Eugenia pyriformis seeds and analyze the influence of hydric and thermal variations of the environment on these processes.
MATERIALS AND METHODS
Eugenia pyriformis Cambess. seeds were obtained from harvested fruits at the Instituto de Botânica (IBt), São Paulo, SP (23°39'S, 46°37'W and 785m altitude), on Santa Elisa Farm of Instituto Agronômico (IAC), Campinas, SP (22°52'S, 47°04'W and 645m altitude), and at the city of Lavras, MG (21°13'S, 44°58'W and 943 m altitude). The climatic classification of these three regions, according to Köppen, is Cwb, and Cwa and Cwa, respectively. The seeds were manually extracted and stored in perforated plastic bags in a cold chamber at 7°C until the beginning of the experiments, but no later than seven days (Barbedo et al. 1998, Andrade and Ferreira 2000) .
The fruits and seeds were biometrically characterized for color, texture and size (longitudinal and transversal diameter in mm) according to Silva et al. (2001) . Seed water content and dry mass were also determined by drying at 103°C for 17 hours (Ista 1985) . The results are presented in g of water/ g of dry mass (g.g -1 ) and g.seed -1 , respectively.
The seeds were evaluated for germination using Germitest ® paper which had been moistened until saturation (without excess) with two sheets for the base and one for the covering (Brasil 2009 ). The test was carried out in two chambers with 100% air relative humidity at a constant 25°C and continuous light (Delgado and Barbedo 2007) . The germination assessments were done every 3 days for 70 days, and the seeds that had primary roots were recorded (for germinable seed calculation) as well as the ones that presented normal seedling production (for germination calculation); the results were presented in decimal (%/100) and in percentage (%). In order to estimate vigor, the germination speed index (GSI) was calculated according to Maguire (1962) . Climatic data for the locations and periods that the fruits were produced were obtained from automatic weather stations installed close to the harvest areas. Daily data of temperature and 225 MATURATION OF Eugenia pyriformis SEEDS rainfall (mm) were collected between flowering and harvest and were used to calculate respectively: the growing degree-day (GDD, °C day), according to the equations proposed by Villa Nova et al. (1972) , considering 10°C as base temperature (Pedro Junior et al. 1977) ; and accumulated rainfall (mm). Sequential water balance was also calculated with rainfall data using the model proposed by Thornthwaite and Mather (1955) , in descending scale level with available water capacity (AWC) of 125 mm (Leivas et al. 2006 , Rolim et al. 2007 .
In a first experiment, aiming to characterize fruits and seeds at different maturation stages as well as recently dispersed ones, anthesis flowers of E. pyriformis matrices located at IBt were marked during the period of maximum flowering. Fruits were collected at different days after anthesis (DAA), directly from the tree. Collecting dates were determined based on the visual characteristics of fruit development and maturation like color and texture, established in previous studies. Thus, fruits obtained from three maturation stages were: stage I, characterized by a green color pericarp with visible signs of color changing into yellow; stage II with a whole light yellow pericarp; stage III, the whole pericarp is golden yellow. In addition, fruits with visual characteristics similar to the ones of stage III were directly collected from the ground soon after dispersal, but not after 24 hours, and called recently dispersed fruits. As soon as these stages were identified, a single collection was done and the fruits were separated according to their visual and dispersal characteristics described as follow. The seeds from all these collections were evaluated for their water content, dry mass content, germination and vigor as described before.
In a second experiment, aiming to analyze the influence of environmental conditions on the seed characteristics at fruit dispersal time, recently dispersed fruits were collected according to the previous experiment characterizing matrices located at IAC and in Lavras from 2009 , and at IBt in 2003 , 2005 , 2009 . In order to do that, anthesis flowers of E. pyriformis matrices were marked in the species maximum flowering period and the fruits were collected immediately after their dispersal. The seeds from these fruits were also evaluated for their water content, dry mass content, germination and vigor.
The experimental design for all experiments was completely randomized with four replications of 15 seeds. The obtained data were submitted to variance analysis (F test) at 5% probability. When pertinent, the averages were compared using Tukey's test also considering a reliability level of 5% (Santana and Ranal 2004) .
RESULTS AND DISCUSSION
In 2003, IBt fruit sorting into sizes showed that the fruits in stages II and III were bigger, predominantly from 26 to 30 mm, whereas the ones from 21 to 25 mm were predominantly in stage I and recently dispersed ( Fig. 1) . However, it was observed that fruit growth occurred until stage II, that is, until 37 DAA (a total of 379 GDD), only 3 days after stage I (34 DAA, totalizing 343 GDD). Although keeping the fruits some more days linked to the mother plant and accumulating more growing degree-days (40 DAA, 410 GDD), there was no increase in size. However, the decrease of recently dispersed fruit size probably occurred due to water loss after their detachment from the mother plant at 43 DAA (437 GDD).
The average size of seeds at different stages presented a small variation. The fruit seeds of stage I had an average of 9 mm for longitudinal diameters and 10 mm for transversal diameters. These dimensions were, respectively, 10 and 10 mm for seeds from fruits of stage II. Seeds from fruits of stage III and seeds recently dispersed showed 8 mm for longitudinal diameter and 9 mm for transversal diameter. However, for the frequency distribution of size categories of seeds from fruits obtained in a single collection, the seeds in stages I and II were among the biggest, predominantly from 11 to 15 mm whereas the ones from fruits in stage III and
recently dispersed fruits were predominantly from 6 to 10 mm (Fig. 1) . The highest water content could justify the bigger size of seeds from fruits of stage I, but not the ones from stage II (Fig. 1I) . Considering that the dry mass content, the seed germinative capacity and vigor of fruits from all stages did not present differences ( Fig. 1I and 1J ), it is possible to conclud that even immature fruits can contain seeds with completely developed physiological characteristics. Nevertheless, the external visual Means followed by the same letter did not differ by Tukey's test at 5%. Scale 1 cm. characteristics of seeds changed. The seeds of fruits from stages I and II presented smooth surface and milky white, and greenish white color, respectively. On the other hand, the seeds of fruits from stage III and recently dispersed fruits presented light brown color and rough wrinkled surface (Fig. 1A to D) .
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MATURATION OF Eugenia pyriformis SEEDS
The size variation of E. pyriformis seeds between the maturation stages may have occurred
because of the meteorological variables of the formation environment. Considering that all fruits from all stages were collected on the same day (Nov. 11, 2003) , the smallest seed size of fruits from stage III and recently dispersed fruits may be related to processes that happened in the initial phases of seed development. The corresponding flowering of these fruits started in low rainfall periods (third tenday period of September, 2003, Fig. 2A ) whereas fruit flowering of stages I and II started in rainy 
periods (first ten-day period of October). Thus, the seeds of fruits from stage III and recently dispersed fruits underwent water deficit in the beginning of their development for 8 and 5 days, respectively (Fig. 3A) , which may have resulted in the smaller final size. This behavior is similar to that observed in coffee fruits (Coffea arabica L.) over which the water deficit during the initial development stages (green fruit) accelerated the next stages and resulted in a higher percentage of void beans (Camargo and Camargo 2001) . However, smaller sized Eugenia pyriformis seeds did not present physiological differences when compared to the bigger ones.
Microclimatic variations during the fruit formation influenced the physical characteristics of E. pyriformis seeds as well as the length of maturation period and dispersal moment. In general, it is noticed that the flowering commenced soon after low air temperature periods, and the fruit dispersal occurred in rainy periods. When compared to E. pyriformis formation periods of different years, it is observed that the seed final dry mass and the maturation and dispersal cycle presented a close relationship with temperature data (mainly the minimum one), water deficit and temperature range. The seeds from IAC, for example, were dispersed in 2009 with high water contents and a smaller amount of dry mass than in 2010, but without differences in the germinative capacity and vigor (Table I ). Such a difference may be related to a greater water deficit (Fig. 3) and a lower rainfall (Fig. 2) in 2010, reducing the cycle into 8 days (Table I) . Similar results were observed in the seeds from Lavras (Table I and Fig. 2 and 3 ). The accumulation of dry mass in the seeds was influenced by the temperature range (Fig. 4) , smaller in 2009 for both locations, resulting in smaller accumulation (Table I and Fig. 4) .
Regarding Eugenia pyriformis seeds produced at IBt from 2003 to 2010, in contrast to IAC and Lavras, the highest temperature range frequencies were never superior to 12°C. These seeds always had less reserve accumulation rates as opposed to the ones obtained at the other two sites, reinforcing the idea that the highest reserve accumulation for these seeds occurs at a temperature range superior to 12°C. However, the greatest dry mass accumulation did not necessarily result in better physiological quality of these seeds. In 2010, for example, although the seeds accumulated dry mass similar to the seeds formed in other years (probably guaranteed by the temperature range), their physiological quality was the lowest one, with low values of germinable seeds, germination and vigor (Table I) . This lower physiological quality may be related to the higher water deficit (Fig. 3) and lower rainfall frequency (Fig. 2 and Table I ). On the other hand, seeds produced in 2009 that did not undergo water deficit during the whole cycle (Fig. 3) and presented high physiological quality even with the smallest accumulation of dry mass compared to the ones from IAC or Lavras. Similarly to what was observed in Lavras and IAC, at IBt the seed pro duction cycle was shorter (42 to 44 days, Table I ) when the water deficit was higher .
By analysing the regime of weather factors, it was verified that the accumulation of growing degree-day until the fruit dispersal moment can vary because of water balance and low temperature frequency. Thus, in the years with higher water deficit, i.e., in Lavras and IAC in 2010, the seed maturation period was shorter and with a smaller GDD (Fig. 2 and 3 and Table I ), but the seeds were apparently dispersed more mature (Table I ). The same occurred at IBt, under a higher water deficit and shorter cycle (Fig. 3 and Table I ); however, when there was no water deficit (2009, Fig. 3 ), the maturation cycle and the accumulation of GDD were greater (Table I) . However, in 2006, low temperatures in the beginning of the cycle (Fig. 2) seem to be related to the delay of the fruit dispersal moment and to the smallest accumulation of GDD. Meteorological data also showed that the hydric conditions of the environment influence the water content of seeds when they are dispersed (Fig. 3 and Table I ), as observed in Euterpe edulis Mart. seeds (Martins et al. 2009 ).
The obtained results for the different regions and seasons showed that while the seeds are not dispersed, physical and physiological changes keep on occurring, and they may continue proportionally to the length of maturation period and/or the accumulation of GDD. This period is influenced by air temperature as observed in coffee (Coffea arabica L.) and orange (Citrus spp.) fruits (Volpe et al. 2002 , Pezzopane et al. 2003 . But apparently for E. pyriformis, the water deficit may have a bigger influence. Under sufficient water availability, the accumulation of GDD seems to influence the physiological quality of seeds. Studies related to seed development and maturation of perennial species from temperate climate with air temperature, represented by growing degree-day, showed that dry matter content, water content, germination and desiccation tolerance are influenced by this variable (Daws et al. 2004 (Daws et al. , 2006 . Recent studies showed that seeds of different species of Eugenia produced in the same region may have thermal-dependence similar to germination than the seeds of the same species produced in different regions (Lamarca et al. 2011) .
The influence of the environmental hydric conditions on Eugenia seed germination and development was shown by Braz and Mattos (2010) . These results associated to the present study make evident that the environment can shape the seed behavior, depicting the possible capability of this genus that comprises species to survive in several environments. Thus, the characterization of the 232 EDMIR V. LAMARCA et al.
thermal-dependence for maturation and dispersal, although influenced by the water availability, enables the description of the physiological maturity state of E. pyriformis seeds as well as their physical and physiological maturity, showing that these characteristics can be influenced by the environmental hydric and thermal variables during this formation. Air temperature greatly influences the seed physiological quality and germinative behavior (Daws et al. 2004 , Lamarca et al. 2011 ). However, for E. pyriformis seeds, the air temperature influence represented by GDD depends on the sufficient water availability similarly to the one observed in coffee plants (Coffea arabica L.) (Petek et al. 2009 ). Analyzing the seed production from three locations in different years, it was verified that the greater physiological quality of E. pyriformis seeds would be obtained in an approximately 45-day cycle if about 500 GDD were accumulated without water deficit and under a temperature range higher than 12°C. Moreover it can be reported that the variations of the environmental hydric and thermal conditions and of Eugenia pyriformis fruit formation period influence seed maturation and dispersal moment, determining the cycle duration and final quality of these seeds.
RESUMO
O presente estudo tem como objetivo analisar a maturação e a dispersão de sementes de Eugenia pyriformis Cambess. 
